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Passenger transportation in Japan, which is comprised of a high share of rail passengers and a low 
share of private vehicles, is considered one of the least energy-intensive transportation sectors in 
the industrialized countries. The thesis of this paper is that, despite low per capita energy use, 
when the intensities of individual modes are compared, Japanese transportation is not more energy 
efficient. Here, a detailed 25-year energy balance of this sector is analyzed, disaggregating fuel 
use within the different modes of transport as well as identifying the role of mini-cars and mini- 
trucks in Japanse transport activity and energy use. Changes in activity, modal structure, and 
modal energy intensity are separated out to describe energy-consumption trends. (Modal structure 
is found to he the primary factor behind the current low energy intensity of passenger transport 
and the high energy intensity of freight.) It is shown, through comparisons with similar data for 
the USA and eight European countries, that the low per capita energy use for passenger travel in 
Japan is related to both the low level of travel in general and the great importance of rail and bus, 
while there is very little difference between the structure of Japanese and European energy use for 
freight. The increased use of larger private cars and freight trucks continues to raise the energy 
intensity of the transportation sector, while air transport continues to gain shares in both sectors. 
Indeed, aggregate travel in Japan is more energy intensive than it is in Europe, and aggregate 
freight more energy intensive than in either the USA or Europe. Past improvements in energy 
efficiency were for the most part motivated by commercial concerns. No specific government 
policies to conserve transportation energy exist, and there is little evidence that policies had any 
effects on energy use, except, perhaps to increase energy use. The concluding discussion addresses 
the effects of Japanese transportation energy trends on carbon dioxide emissions. 
Copyright 0 1996 Elsevier Science Ltd 
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Passenger transportation in Japan - with its high share 
of passenger rail and low use of private cars relative to 
other OECD countries - has long been considered 
among the least energy-intensive of transportation 
sectors in the industrialized world. Freight transporta- 
tion, however, is highly energy-intensive on a tonne-kilo- 
meter basis because of its reliance on trucks. As a whole, 
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the transportation sector in Japan comprises a larger 
share of total energy use than does the transport sector 
in the USA, yet it still consumes less energy per capita. 
In 1991, the Japanese transportation sector accounted 
for 29 per cent of the country’s energy use, with passenger 
transport accounting for 15 per cent and freight for 14 per 
cent; whereas in the USA, transportation took up 39 per 
cent, passenger transport accounting for 28 per cent and 
freight 12 per cent. On a per capita basis, the difference 
in energy consumption for transport is even more 
dramatic: for passenger travel, Japan consumed 15 GJ/ 
capita/year, the USA 57 GJ/capita/yr; and for freight 
transport, Japan’s energy use was 13 GJ/capita/yr, but in 
the USA it was 23 GJ/capita/yr. Trends in Japan are 
now leaning toward greater energy intensity in passenger 

’ Address correspondence to Dr Lee Schipper, International Energy 
Agency, 2 Rue Andre Pascal 75775 Paris CEDEX, France, fax 4524 
9423, email Ijschipper(Z~lbl.gov. 

21 



Energy trends in the Japanese transportation sector: N Kiang and L Schippet 

transport, and plans for freight transport may bring 
continued shifts toward more energy-intensive modes in 
that sector as well. 

In this paper, we analyze energy-use patterns of trans- 
portation in Japan and assess changes over the past 25 
years, comparing these with other OECD countries. 
We also discuss the implications of trends in carbon 
dioxide emissions and discuss opportunities for future 
reduction in transportation energy consumption. 
Distinctive to this study are more detailed breakdowns 
for road vehicles, which for the first time fully account 
for mini-cars and -trucks.* Our thesis is that, despite 
low per capita energy use in Japan, in comparison with 
the USA or Europe, transportation in Japan is not more 
energy efficient when the energy intensities of individual 
modes are compared. We find little evidence that energy 
policies per se had any major effect on energy use or 
energy intensities in Japanese transportation, and we 
note policies that may have led to increased energy use. 

Data sources 

Two sources publish data on transportation energy 
consumption in Japan: (1) the Ministry of Transport 
(MOT) and (2) the Ministry of International Trade and 
Industry (MITI) in cooperation with the Energy and 
Data Modelling Center (EDMC) of the Institute of 
Energy Economics (IEE). However, only the MOT 
collects data through direct surveys, whereas MIT1 and 
IEE derive figures for energy consumption through 
indirect calculation. MIT1 assumes average fuel-intensity 
levels and derives energy consumption in a top-down 
fashion, which can be unreliable @chipper et al., 1993). 
Of these agencies, only the EDMC performs detailed 
energy analyses of the country’s transportation sector, 
but few of these studies are published outside of Japan. 

Here we use MOT data, making adjustments for the 
following changes in the data series: before 1981, road 
vehicle fuel consumption figures are based only on fuel 
sales data; since 198 1, the MOT has conducted surveys, 
with more modes included in a consistent manner; since 
1987, mini-car and mini-truck transport has been 
counted. A full energy balance of Japan’s transporta- 
tion sector for 1965-91 is presented in Table 1 
(passenger) and Table 2 (freight). The tables are broken 
down by mode and modal fuel types, with mini-cars and 
mini-trucks also shown. Although some uncertainties 
still remain, the characteristics of energy use in Japanese 
transportation are so striking, and the changes observed 
so large, compared with the uncertainties, that we feel 
our conclusions are robust. 

‘Transport activity units used in this paper are pkm = passenger- 
kilometers, tkm = tonne-kilometers, vkm = vehicle-kilometers. 
Energy is measured in aiea-ioules (GJ) and meaaioules (MJ). For I_ 
comparison, I liter of g&oline contains approximately 32134’MJ, 1 
liter of diesel fuel about 35.6 MJ. Modal energy intensity is measured 
in units of energy/pkm or energy/tkm, while vehicle intensity is 
measured as energy/vkm (1 MJ = 0.95 BTU). 

To avoid confusion, we do not use the word ‘automo- 
bile’, because the Japanese publications, in English or 
Japanese, often class all motorized road transport (cars, 
minis, trucks, buses, motorcycles) as ‘automobile’. 
(More details about vehicle classifications are available 
in an appendix to a Lawrence Berkeley Laboratory 
Report [LBL-35979, 19951.) 

Analytical framework 

Our analytical framework for analyzing changes in 
energy use involves three components: 

(1) activity ~ volume of transportation measured 
in passenger-kilometers (pkm) and tonne- 
kilometers (tkm); 

(2) structure - modal shares in total activity; 
(3) intensity - energy use per loaded transport 

activity volume. 

Additionally, we take note of the composition of fuels 
and of the vehicle fleet. 

These components allow us to separate technological 
(mode composition, technical efficiency) and non-tech- 
nological (lifestyle, economic growth) factors. Two 
aspects of our definition of energy intensity must be 
kept in mind: 

(1) 

(2) 

we define modal intensity as energy per loaded 
transport activity (e.g. MJ/pkm, MJ/tkm), 
which is quite different from vehicle intensit4 

(energy per vehicle activity, e.g. MJ/vkm) or 
fitel economy (output/input, e.g. vkm/MJ or 
miles per gallon); 
we believe it is more meaningful to discuss 
energy intensity in terms of energy per 
transport activity, rather than per GDP 
(MacDonald, 1990; Nagata, 1993) because we 
can separate the energy intensity of each 
transport mode (in energy/activity) from the 
GDP intensity of each activity (in passenger- 
km or tonne-km/GDP).3 

With regard to the latter, merely looking at the aggre- 
gate ratio of transportation energy use to GDP is not 
very revealing, as Schipper, et al. (1992a) found when 
comparing other sectors in Japan. In Japan’s transpor- 
tation sector, at least two of the three factors ~ activity, 
structure, intensity - differ significantly from values 
more commonly found in Europe or the USA. 

Calculation of these three effects is done as follows, 
with 1973 as the base year (Schipper et al., 1992a; 
Howarth et al., 1993). 

“Energy intensity’ will be always be used to mean modal intensity, i.e. 
energy-used per -loaded transport activity, e.g. MJ/pkm or MJ/tkm. 
‘Vehicle efticiencv’ is the inverse of vehicle intensity, which is energy 
use per vehicle distance traveled, MJ/vkm. Note that these vehiclk 
units do not necessarily mean that the vehicle is not loaded - vehicle 
intensity could increase with increasing loads, yet energy intensity 
could decrease at the same time. 

22 



T
ab

le
 

1 
Pa

ss
en

ge
r 

tr
an

sp
or

ta
tio

n 
en

er
gy

 
us

e 
an

d 
vo

lu
m

e 
of

 t
ra

ve
l 

Pa
ss

en
ge

r 
en

er
gy

 
us

e 
(P

J)
 

Sh
ar

es
 

in
 e

ne
rg

y 
(%

) 
Pa

ss
en

ge
r 

tr
av

el
 

( I
O

9 p
km

) 
Sh

ar
es

 
in

 t
ra

ve
l 

(%
) 

C
ar

s 
B

us
 

R
ai

l 
B

oa
t 

A
ir

* 
C

ar
 

B
us

 
R

ai
l 

B
oa

t 
A

ir
 

C
ar

s 
B

us
es

 
R

ai
l 

B
oa

t 
A

ir
 

C
ar

s 
B

us
es

 
R

ai
l 

B
oa

t 
A

ir
 

D
 

Je
tf

 
T

ot
al

 
T

ot
al

 
G

-t
ot

al
 

G
-M

in
i 

D
 

L
PG

 
T

ot
al

 
G

 
D

 
T

ot
al

 
D

 
E

le
c 

T
ot

al
 

T
ot

al
 

M
in

is
 

19
65

 
26

3 
15

8 
12

4 
7 

3 
31

.4
 

39
.0

 
2.

0 
37

.0
 

30
.6

 
12

.1
 

18
.5

 
16

.6
 

18
.6

 
60

.1
 

14
.8

 
11

.6
 

6.
3 

7.
1 

40
2 

60
 

4 
19

66
 

31
0 

19
5 

15
1 

9 
3 

41
.2

 
42

.4
 

2.
3 

40
.1

 
32

.9
 

12
.9

 
19

.9
 

16
.8

 
23

.0
 

62
.9

 
13

.7
 

10
.6

 
5.

4 
7.

4 
42

8 
79

 
5 

19
67

 
38

0 
25

5 
20

1 
15

 
3 

51
.0

 
45

.7
 

3.
1 

42
.6

 
37

.3
 

15
.8

 
21

.5
 

IX
.1

 
24

.3
 

67
.1

 
12

.0
 

9.
8 

4.
7 

6.
4 

47
8 

11
0 

8 
19

68
 

46
5 

33
0 

26
6 

22
 

3 
60

.8
 

48
.5

 
4.

0 
44

.5
 

39
.7

 
16

.6
 

23
.2

 
19

.2
 

27
.8

 
70

.9
 

10
.4

 
8.

5 
4.

1 
6.

0 
52

7 
14

9 
I?

 
19

69
 

55
0 

40
3 

32
9 

31
 

I 
72

.1
 

51
.8

 
5.

3 
46

.5
 

43
.1

 
18

.0
 

25
.1

 
20

.6
 

32
.1

 
73

.2
 

9.
4 

7.
8 

3.
7 

5.
8 

58
3 

19
6 

I8
 

19
70

 
64

2 
47

7 
40

6 
42

 
1 

69
.5

 
56

.9
 

7.
5 

49
.4

 
46

.3
 

19
.3

 
27

.0
 

22
.0

 
40

.0
 

74
.3

 
8.

9 
7.

2 
3.

4 
6.

2 
65

4 
24

8 
23

 
19

71
 

74
8 

57
2 

49
3 

49
 

I 
77

.7
 

57
.2

 
7.

5 
49

.7
 

48
.4

 
20

.6
 

27
.8

 
27

.2
 

43
.6

 
76

.4
 

7.
6 

6.
5 

3.
6 

5.
8 

69
0 

2X
4 

28
 

19
72

 
77

8 
57

3 
50

2 
54

 
I 

70
.7

 
59

.8
 

8.
3 

51
.4

 
52

.5
 

22
.1

 
30

.4
 

41
.5

 
50

.9
 

73
.7

 
7.

7 
6.

7 
5.

3 
6.

5 
72

2 
29

4 
30

 
19

73
 

88
5 

66
0 

58
3 

53
 

I 
75

.3
 

60
.4

 
7.

6 
52

.8
 

54
.4

 
22

.0
 

32
.5

 
54

.4
 

55
.9

 
74

.6
 

6.
8 

6.
1 

6.
1 

6.
3 

77
2 

32
3 

30
 

19
74

 
X

99
 

65
8 

58
1 

51
 

I 
75

.3
 

59
.1

 
6.

9 
52

.2
 

56
.7

 
22

.5
 

34
.2

 
61

.0
 

63
.8

 
73

.2
 

6.
6 

6.
3 

6.
X

 
7.

1 
78

6 
32

0 
28

 
19

75
 

94
6 

70
0 

63
4 

46
 

2 
63

.6
 

59
.1

 
6.

8 
52

.2
 

58
.0

 
22

.2
 

35
.8

 
60

.0
 

69
.7

 
73

.9
 

6.
2 

6.
1 

6.
3 

7.
4 

80
3 

34
3 

26
 

19
76

 
99

9 
74

5 
67

5 
43

 
4 

66
.8

 
60

.7
 

6.
5 

54
.2

 
60

.2
 

22
.8

 
37

.4
 

61
.9

 
71

.1
 

74
.6

 
6.

1 
6.

0 
6.

2 
7.

1 
80

9 
36

4 
24

 
19

77
 

10
94

 
82

8 
75

4 
42

 
6 

67
.8

 
60

.7
 

6.
5 

54
.1

 
61

.6
 

22
.7

 
39

.0
 

61
.4

 
81

.8
 

75
.7

 
5.

5 
5.

6 
5.

6 
7.

5 
84

2 
39

5 
24

 
19

78
 

11
70

 
89

6 
81

4 
40

 
12

 
69

.9
 

61
.7

 
5.

8 
55

.9
 

61
.7

 
22

.2
 

39
.5

 
62

.5
 

88
.3

 
76

.6
 

5.
3 

5.
3 

5.
3 

7.
5 

87
3 

42
1 

22
 

19
79

 
12

54
 

97
3 

88
2 

39
 

20
 

71
.6

 
62

.4
 

4.
7 

57
.7

 
62

.3
 

22
.4

 
39

.9
 

60
.8

 
95

.4
 

77
.6

 
5.

0 
5.

0 
4.

8 
7.

6 
90

5 
44

8 
22

 
19

x0
 

12
85

 
99

8 
89

7 
38

 
30

 
7.

10
 

62
.9

 
4.

1 
58

.8
 

61
.2

 
21

.3
 

39
.9

 
63

.6
 

98
.8

 
77

.7
 

4.
9 

4.
8 

4.
9 

7.
7 

92
0 

45
9 

21
 

19
81

 
12

81
 

10
01

 
89

2 
37

 
39

 
70

.5
 

64
.3

 
3.

7 
60

.6
 

61
.2

 
20

.7
 

40
.5

 
59

.6
 

94
.3

 
78

.2
 

5.
0 

4.
8 

4.
7 

7.
4 

93
2 

47
0 

21
 

19
82

 
12

98
 

10
23

 
90

4 
37

 
50

 
68

.7
 

63
.8

 
3.

0 
60

.9
 

61
.6

 
19

.5
 

42
.1

 
59

.5
 

89
.6

 
78

.8
 

4.
9 

4.
7 

4.
6 

6.
9 

94
3 

48
6 

21
 

19
83

 
13

12
 

10
36

 
90

6 
36

 
60

 
69

.7
 

63
.9

 
2.

5 
61

.4
 

61
.1

 
18

.2
 

42
.9

 
59

.7
 

90
.9

 
79

.0
 

4.
9 

4.
7 

4.
6 

6.
9 

95
4 

49
3 

20
 

I9
84

 
13

09
 

10
35

 
89

9 
36

 
68

 
68

.8
 

64
.5

 
2.

1 
62

.4
 

59
.4

 
15

.8
 

43
.6

 
59

.0
 

90
.9

 
79

.1
 

4.
9 

4.
5 

4.
5 

6.
9 

97
0 

50
3 

20
 

19
85

 
13

38
 

10
57

 
91

3 
35

 
74

 
70

.1
 

65
.1

 
1.

7 
63

.4
 

59
.1

 
14

.4
 

44
.7

 
59

.1
 

97
.8

 
79

.0
 

4.
5 

4.
4 

4.
4 

7.
3 

99
6 

52
2 

19
 

I9
86

 
13

72
 

10
88

 
94

0 
33

 
78

 
70

.4
 

64
.6

 
1.

4 
63

.2
 

59
.3

 
13

.1
 

46
.2

 
60

.1
 

10
0.

2 
79

.3
 

4.
7 

4.
3 

4.
4 

7.
3 

10
18

 
54

0 
19

 
19

87
 

13
92

 
11

01
 

94
8 

35
 

81
 

72
.8

 
66

.2
 

1.
2 

65
.0

 
62

.0
 

12
.3

 
49

.7
 

61
.0

 
10

1.
2 

79
.1

 
4.

8 
4.

5 
4.

4 
7.

3 
10

49
 

55
7 

18
 

19
88

 
14

55
 

11
46

 
98

4 
34

 
90

 
71

.7
 

68
.0

 
0.

9 
67

.1
 

66
.1

 
12

.5
 

53
.6

 
69

.5
 

10
5.

4 
78

.8
 

4.
7 

4.
5 

4.
8 

7.
2 

11
01

 
58

5 
19

 
19

89
 

15
30

 
12

19
 

10
42

 
35

 
10

7 
69

.9
 

69
.3

 
0.

8 
68

.5
 

68
.4

 
12

.8
 

55
.5

 
64

.2
 

10
9.

2 
79

.7
 

4.
5 

4.
5 

4.
2 

7.
1 

11
55

 
62

4 
21

 
I9

90
 

16
42

 
13

15
 

11
15

 
42

 
13

0 
70

.1
 

71
.3

 
0.

6 
70

.7
 

70
.6

 
12

.7
 

57
.8

 
65

.6
 

11
8.

9 
80

.1
 

4.
3 

4.
3 

4.
0 

7.
2 

12
23

 
66

8 
23

 
19

91
 

17
56

 
14

10
 

II
80

 
58

 
15

8 
72

.1
 

70
.2

 
0.

5 
69

.7
 

72
.2

 
12

.6
 

59
.6

 
81

.3
 

12
2.

7 
80

.3
 

4.
0 

4.
1 

4.
6 

7.
0 

12
71

 
70

0 
26

 
19

92
 

17
32

 
13

90
 

11
33

 
74

 
18

6 
71

.2
 

72
.0

 
0.

4 
71

.6
 

71
.9

 
12

.5
 

59
.4

 
70

.9
 

12
7.

3 
X

0.
3 

4.
2 

4.
1 

4.
1 

7.
4 

13
01

 
73

0 
30

 
19

93
 

17
83

 
14

34
 

11
56

 
87

 
20

7 
70

.4
 

73
.0

 
0.

3 
72

.6
 

74
.5

 
13

.7
 

60
.8

 
70

.9
 

13
1.

0 
80

.4
 

4.
1 

4.
2 

4.
0 

7.
3 

13
05

 
73

7 
31

 

80
.1

 
25

5 
8.

4 
3.

0 
15

 
19

.9
 

64
 

0.
8 

0.
7 

83
.9

 
25

9 
3.

5 
2.

9 
18

 
lY

.6
 

60
 

0.
8 

0.
7 

90
.5

 
27

1 
3.

8 
3.

9 
23

 
IX

.9
 

57
 

0.
8 

0.
8 

95
.3

 
27

4 
4.

1 
5.

1 
28

 
18

.1
 

52
 

0.
8 

1.
0 

10
0.

2 
27

5 
4.

4 
7.

0 
34

 
17

.2
 

47
 

0.
8 

1.
2 

10
2.

9 
28

9 
4.

X
 

9.
3 

38
 

15
.7

 
44

 
0.

7 
I .

4 
10

0.
8 

29
0 

5.
0 

10
.3

 
41

 
14

.6
 

42
 

0.
7 

1.
5 

10
8.

2 
30

0 
6.

7 
12

.7
 

41
 

15
.0

 
42

 
0.

9 
I.

8 
11

1.
7 

31
3 

7.
7 

16
.0

 
42

 
14

.5
 

41
 

I .
o 

2.
1 

11
5.

X
 

32
4 

7.
8 

17
.6

 
41

 
14

.7
 

41
 

I .
o 

2.
2 

11
0.

1 
32

4 
6.

9 
19

.2
 

43
 

13
.7

 
40

 
0.

9 
2.

4 
98

.7
 

32
0 

6.
7 

20
.1

 
45

 
12

.2
 

39
 

0.
8 

2.
5 

10
4.

6 
31

2 
6.

5 
23

.6
 

47
 

12
.4

 
37

 
0.

8 
2.

8 
10

7.
0 

31
1 

6.
4 

26
.9

 
48

 
12

.3
 

36
 

0.
7 

3.
1 

10
8.

3 
31

2 
6.

4 
30

.3
 

49
 

12
.0

 
35

 
0.

7 
3.

3 
11

0.
4 

31
5 

6.
1 

29
.7

 
50

 
12

.0
 

34
 

0.
7 

3.
2 

10
8.

8 
31

6 
6.

0 
31

.0
 

50
 

II
.7

 
34

 
0.

6 
3.

3 
10

4.
8 

31
6 

5.
9 

30
.1

 
52

 
Il

.1
 

34
 

0.
6 

3.
2 

9 
10

3.
4 

32
1 

5.
7 

30
.6

 
52

 
10

.8
 

34
 

0.
6 

3.
2 

: 
10

3.
1 

32
4 

5.
8 

33
.5

 
52

 
10

.6
 

33
 

0.
6 

3.
5 

.?
 

10
4.

9 
33

0 
5.

8 
33

.1
 

52
 

10
.5

 
33

 
0.

6 
3.

3 
z 

10
1.

6 
33

5 
5.

7 
35

.9
 

53
 

10
.0

 
33

 
0.

6 
3.

5 
10

2.
9 

34
5 

5.
9 

38
.5

 
53

 
9.

x 
33

 
0.

6 
3.

7 
$ 

10
7.

2 
36

2 
5.

7 
41

.1
 

53
 

9.
7 

33
 

0.
5 

3.
7 

s.
 

= 
10

9.
1 

36
9 

5.
9 

47
.1

 
54

 
9.

4 
32

 
0.

5 
4.

1 
G

 
11

0.
4 

38
7 

6.
3 

51
.6

 
55

 
9.

0 
32

 
0.

5 
4.

2 
10

8.
2 

40
0 

6.
5 

55
.3

 
55

 
x.

5 
31

 
0.

5 
4.

4 
2 2 

10
6.

6 
40

2 
6.

1 
56

.7
 

56
 

8.
2 

31
 

0.
5 

4.
4 

10
2.

9 
40

3 
6.

1 
57

.1
 

56
 

7.
9 

31
 

0.
5 

4.
4 

2 T
 

PJ
 -

 
pe

ta
jo

ul
es

 
pk

m
 

- 
pe

rs
on

-k
ilo

m
et

er
s 

G
 -

 
ga

so
lin

e 
D

 -
 

di
es

el
 

L
PG

 
- 

liq
ui

fi
ed

 
pe

tr
ol

eu
m

 
ga

s 
JE

T
F 

- 
je

tf
ue

l 
E

le
c 

- 
el

ec
tr

ic
ity

 
C

ar
s 

- 
pr

iv
at

e 
an

d 
co

m
m

er
ci

al
 

M
in

i-
ca

rs
 

~ 
he

ig
ht

 
< 

33
0c

m
: 

w
id

th
 

< 
14

0c
m

; 
le

ng
th

 
< 

20
0c

m
; 

en
gi

ne
 

di
sp

la
ce

m
en

t 
i 

66
O

cc
 

B
us

es
 

~ 
pr

iv
at

e 
an

d 
co

m
m

er
ci

al
 

R
ai

l 
- 

Ja
pa

n 
R

ai
l 

an
d 

pu
bl

ic
 

ra
il 

B
oa

t 
-d

om
es

tic
 

*A
ir

 
- 

do
m

es
tic

 
co

m
m

er
ci

al
; 

en
er

gy
 

da
ta

 
so

ur
ce

: 
E

ne
rg

y 
D

at
a 

an
d 

M
od

el
lin

g 
C

en
te

r 
So

ur
ce

s:
 

M
in

is
tr

y 
of

 T
ra

ns
po

rt
 

an
d 

L
B

L
 

es
tim

at
es

 
(L

B
L

 
R

ep
or

t 
L

B
L

-3
59

79
). 



T
ab

le
 

2 
Fr

ei
gh

t 
tr

an
sp

or
t 

en
er

gy
 

co
ns

um
pt

io
n 

an
d 

vo
lu

m
e 

of
 t

ra
ns

po
rt

 

F
re

ig
ht

 e
ne

rg
y 

us
e 

(P
J)

 
Sh

ar
es

 i
n 

en
er

gy
 (

%
) 

F
re

ig
ht

 t
ra

ns
po

rt
 (

IO
9 t

km
) 

? 9 P 

Sh
ar

es
 i

n 
tr

an
sp

or
t 

(%
) 

” 

T
ru

ck
s 

R
ai

l 
Sh

ip
 

A
ir

 
T

ru
ck

 
R

ai
l 

T
ru

ck
 

g 
Sh

ip
 

A
ir

 
R

ai
l 

Sh
ip

 
A

ir
 

T
ru

ck
 

R
ai

l 
Sh

ip
 

A
ir

 
L

 
D

 
JE

T
F

 
* 

T
ot

al
 

T
ot

al
 

G
-t

ot
al

 
G

-M
in

i 
D

 
T

ot
al

 
D

 
E

le
c 

T
ot

al
 

2 2 
19

65
 

43
6 

19
66

 
52

0 
19

67
 

62
8 

I9
68

 
70

3 
19

69
 

80
0 

19
70

 
85

1 
19

71
 

89
3 

19
72

 
93

7 
I9

73
 

97
4 

I9
74

 
96

9 
19

75
 

10
27

 
19

76
 

10
95

 
19

77
 

11
21

 
19

78
 

11
65

 
19

79
 

12
14

 
I9

80
 

12
05

 
19

81
 

11
53

 
19

82
 

11
60

 
19

83
 

11
85

 
19

84
 

12
14

 
19

85
 

12
54

 
19

86
 

13
14

 
19

87
 

13
68

 
19

88
 

14
42

 
I9

89
 

14
87

 
19

90
 

I5
48

 
19

91
 

16
27

 
19

93
 

16
69

 
19

93
 

16
77

 

36
3 

43
7 

52
7 

59
8 

66
1 

68
8 

71
7 

73
2 

72
4 

72
8 

78
8 

85
0 

87
8 

93
9 

98
5 

I0
09

 
10

13
 

10
28

 
10

51
 

10
91

 
11

27
 

11
86

 
12

46
 

13
13

 
13

52
 

14
01

 
14

78
 

15
22

 
15

34
 

21
0 

24
2 

27
9 

30
0 

32
3 

31
9 

32
1 

31
6 

29
3 

30
5 

34
4 

37
0 

34
9 

33
9 

32
4 

31
2 

29
2 

27
3 

24
8 

22
8 

21
1 

19
9 

18
0 

16
2 

15
2 

I4
8 

14
1 

13
4 

12
8 

45
 

51
 

58
 

62
 

64
 

68
 

66
 

67
 

69
 

61
 

64
 

68
 

75
 

83
 

95
 

11
0 

12
6 

14
2 

16
0 

17
8 

19
7 

22
8 

25
0 

25
8 

25
6 

25
7 

26
2 

27
3 

28
0 

10
8 

14
3 

19
0 

23
6 

27
3 

30
1 

32
9 

34
9 

36
2 

36
2 

38
0 

41
 I 

45
4 

51
7 

56
7 

58
7 

59
6 

61
2 

64
3 

68
5 

71
9 

75
8 

81
6 

89
3 

94
s 

99
6 

10
75

 
11

16
 

11
26

 

10
.8

 
4.

3 
6.

5 
10

.0
 

3.
1 

7.
0 

12
.8

 
5.

4 
7.

4 
13

.6
 

5.
7 

7.
9 

15
.0

 
6.

2 
8.

7 
16

.0
 

6.
7 

9.
4 

16
.4

 
7.

0 
9.

4 
16

.4
 

6.
9 

9.
5 

16
.0

 
6.

5 
9.

5 
14

.5
 

5.
7 

8.
7 

13
.3

 
5.

1 
8.

2 
12

.6
 

4.
8 

7.
8 

Il
.9

 
4.

4 
7.

5 
11

.3
 

4.
1 

7.
2 

10
.9

 
3.

9 
7.

0 
10

.7
 

3.
7 

7.
0 

10
.2

 
3.

4 
6.

7 
9.

5 
3.

0 
6.

5 
8.

5 
2.

5 
6.

0 
7.

1 
1.

9 
5.

2 
6.

6 
1.

6 
5.

0 
5.

8 
1.

3 
4.

5 
4.

5 
0.

9 
3.

6 
5.

1 
1.

0 
4.

2 
5.

4 
1.

0 
4.

4 
5.

5 
1.

0 
4.

5 
5.

5 
I .

o 
4.

6 
5.

6 
I .

o 
4.

6 
5.

6 
I .

o 
4.

5 

61
.4

 
0.

9 
70

.9
 

1.
3 

86
.7

 
1.

9 
88

.5
 

2.
2 

12
2.

2 
2.

6 
14

3.
5 

3.
0 

15
6.

8 
3.

3 
18

4.
4 

4.
6 

22
8.

0 
5.

9 
22

0.
8 

5.
5 

21
9.

8 
5.

9 
22

7.
1 

5.
6 

22
3.

9 
6.

6 
20

7.
5 

7.
7 

20
8.

5 
9.

0 
17

5.
6 

10
.2

 
11

9.
7 

9.
9 

11
2.

0 
10

.9
 

11
3.

6 
Il

.8
 

10
3.

7 
12

.7
 

10
6.

0 
13

.8
 

10
7.

2 
15

.0
 

10
1.

7 
16

.1
 

10
7.

0 
16

.8
 

11
1.

8 
17

.1
 

12
3.

4 
17

.3
 

12
4.

7 
17

.8
 

12
2.

9 
18

.4
 

11
7.

7 
19

.6
 

83
 

84
 

84
 

85
 

83
 

81
 

80
 

78
 

74
 

75
 

77
 

78
 

78
 

81
 

81
 

84
 

88
 

89
 

89
 

90
 

90
 

90
 

91
 

91
 

91
 

91
 

91
 

91
 

91
 

2.
5 

1.
9 

2.
0 

1.
9 

1.
9 

1.
9 

1.
8 

1.
7 

1.
6 

I.
5 

1.
3 

1.
1 

1.
1 

1.
0 

0.
9 

0.
9 

0.
9 

0.
8 

0.
7 

0.
6 

0.
5 

0.
4 

0.
3 

0.
4 

0.
4 

0.
4 

0.
3 

0.
3 

0.
3 

14
.1

 
13

.6
 

13
.8

 
12

.6
 

15
.3

 
16

.9
 

17
.6

 
19

.7
 

23
.4

 
22

.8
 

21
.4

 
20

.7
 

20
.0

 
17

.8
 

17
.2

 
14

.6
 

10
.4

 
9.

7 
9.

6 
8.

5 
8.

5 
8.

2 
7.

4 
7.

4 
7.

5 
8.

0 
7.

7 
7.

4 
7.

0 

0.
2 

18
7 

0.
2 

21
0 

0.
3 

24
5 

0.
3 

26
4 

0.
3 

31
6 

0.
4 

35
2 

0.
4 

36
3 

0.
5 

39
0 

0.
6 

40
8 

0.
6 

37
7 

0.
6 

36
1 

0.
5 

37
4 

0.
6 

38
7 

0.
7 

41
0 

0.
7 

44
3 

0.
8 

44
2 

0.
9 

42
8 

0.
9 

41
8 

1.
0 

42
4 

I .
o 

43
6 

1.
1 

43
6 

1.
1 

43
5 

1.
2 

44
9 

1.
2 

48
3 

1.
2 

50
9 

1.
1 

54
7 

1.
1 

56
0 

1.
1 

55
7 

1.
2 

53
6 

49
 

66
 

82
 

10
3 

12
1 

13
7 

14
4 

15
5 

14
2 

13
2 

13
0 

13
3 

14
4 

15
7 

17
4 

18
2 

18
3 

I8
9 

19
5 

20
3 

20
8 

21
6 

22
6 

24
6 

26
3 

27
4 

28
4 

28
2 

27
6 

57
.3

 
81

 
55

.4
 

89
 

59
.0

 
10

4 
59

.5
 

10
1 

60
.7

 
13

4 
63

.4
 

I5
1 

62
.2

 
15

7 
59

.5
 

17
6 

58
.3

 
20

8 
52

.5
 

19
2 

47
.1

 
18

4 
46

.0
 

19
4 

41
.0

 
20

2 
40

.9
 

21
2 

42
.8

 
22

6 
37

.4
 

22
2 

33
.8

 
21

2 
30

.6
 

19
8 

21
.4

 
20

1 
23

.0
 

21
0 

21
.9

 
20

6 
20

.4
 

19
8 

20
.5

 
20

1 
23

.5
 

21
3 

25
.1

 
22

0 
27

.2
 

24
5 

27
.2

 
24

8 
26

.7
 

24
8 

25
.4

 
23

4 

0.
0 

26
 

0.
0 

31
 

0.
0 

34
 

0.
1 

39
 

0.
1 

38
 

0.
1 

39
 

0.
1 

40
 

0.
1 

40
 

0.
2 

35
 

0.
1 

35
 

0.
2 

36
 

0.
2 

36
 

0.
2 

37
 

0.
2 

38
 

0.
3 

39
 

0.
3 

41
 

0.
3 

43
 

0.
4 

45
 

0.
4 

46
 

0.
4 

46
 

0.
5 

48
 

0.
5 

so
 

0.
6 

50
 

0.
7 

51
 

0.
8 

52
 

0.
8 

50
 

0.
8 

51
 

0.
8 

51
 

0.
8 

52
 

31
 

26
 

24
 

23
 

19
 

18
 

17
 

15
 

14
 

14
 

I3
 

12
 

11
 

IO
 

10
 8 8 7 6 5 5 5 5 5 5 5 5 5 5 

43
 

42
 

42
 

38
 

42
 

43
 

43
 

45
 

51
 

51
 

51
 

52
 

52
 

52
 

51
 

50
 

49
 

47
 

47
 

48
 

47
 

45
 

45
 

44
 

43
 

45
 

44
 

45
 

44
 

0.
0 

0.
0 

; 2 

0.
0 

g 
0.

0 
2 

0.
0 

g.
 

0.
0 

i: 

0.
0 

0.
0 

2 2 

0.
0 

,y
 

0.
0 

0.
0 

2 s.
 

0.
0 

$ 
0.

0 
j; 

0.
1 

D
- 

0.
1 

0.
1 

; %
 

0.
1 

0.
1 

g 2 
0.

1 
0.

 I
 

0.
1 

0.
1 

0.
1 

0.
1 

0.
1 

0.
1 

0.
1 

0.
1 

0.
2 

PJ
 -

 
pe

ta
jo

ul
es

 
tk

m
 

~ 
to

nn
e-

ki
lo

m
et

er
s 

G
 -

 
ga

so
lin

e 
D

 ~
 

di
es

el
 

JE
T

F 
- 

je
tf

ue
l 

E
le

c 
~ 

el
ec

tr
ic

ity
 

T
ru

ck
s 

- 
pr

iv
at

e 
an

d 
co

m
m

er
ci

al
 

M
in

i-
tr

uc
ks

 
~ 

he
ig

ht
 

< 
33

0 
cm

; 
w

id
th

 
< 

14
0 

cm
; 

le
ng

th
 

< 
20

0 
cm

; 
en

gi
ne

 
di

sp
la

ce
m

en
t 

< 
66

0 
cc

 
R

ai
l 

- 
Ja

pa
n 

R
ai

l 
an

d 
pu

bl
ic

 
ra

il 
Sh

ip
s 

- 
do

m
es

tic
 

A
ir

 
- 

do
m

es
tic

 
co

m
m

er
ci

al
 

So
ur

ce
s:

 
M

in
is

tr
y 

of
 T

ra
ns

po
rt

 
an

d 
L

B
L

 
es

tim
at

es
 

(L
B

L
 

R
ep

or
t 

L
B

L
-3

59
79

). 



Let: 

E ,.m = energy consumed in year t by mode m, where 
modem= l,...,q; 

A - activity (pkm, tkm) in year t on mode m; ,,m - 
I I,??, = energy intensity (energy/activity) in year t on 

mode m; 

To find the activity elfect, calculate what energy use 
would have been in year t if the energy intensity and 
modal structure remained the same as in 1973, while 
only activity varied from year to year. Thus, 

Total Energy in year t = [Intensity in 19731 
due to activity effect [Total Activity in year t] 

= [Total Energy in 19731 [Total Activity in year t] 

[Total Activity in 19731 

E,[activity effect] = ( ). i: E1973.m 
I?,= I 

To find the structuraf <[feet, calculate what energy use 
would have been in year t had overall activity and inten- 
sity remained at 1973 levels, while the modal shares in 

activity changed each year: 

Total Energy in year t due to structure effect 
= [Total Activity 19731 

.k( Mode activity share in year t) 
m=l 

(Mode activity share in year t) 
(Mode Intensity in 1973) 

= [Total Activity 19731 

E,[structure effect] = 

To find the intensity eJfect, calculate what energy use 
would have been in year t had overall activity and 
modal structure remained the same as in 1973 while 
only energy intensity changed each year: 

Total Energy in year t due to intensity effect 

+ (Mode Activity 1973)(Mode Intensity, year t) 

E,[intensity <Jfkct] = 2 A1973,~ Z,,, 
,,I = I 

The changes in overall energy use in these three compo- 
nents provide a physical description of energy-saving 
trends in the country over the past decades, and they 
reveal where policymakers may most effectively look to 
reduce energy consumption and carbon dioxide emis- 
sions in the future. Note that since the above intensity 
is defined in terms of passenger-kilometers and tonne- 
kilometers, rather than vehicle-kilometers, the changes 
(or not) in load factors are inherently accounted for. In 
the following sections, we describe the impacts of 
changes in load factors for particular modes. Thus, with 
these components in mind, we review changes in 
passenger and freight transport over the past decade 
and a half, and at the end of this article provide the 
activityystructure-intensity decomposition for the entire 
transportation sector. We further discuss the subtleties 
and potential errors involved when targeting any one 
of these factors alone in energy-conservation policy. 

Passenger transportation 

The Japanese passenger transport sector in aggregate is 
considered the least energy-intensive of any in high- 
income OECD countries @chipper et al., 19926). Low 
activity levels, a modal structure favoring collective 
modes, especially rail (31 per cent mode share, 
compared to US 1 per cent), and high (albeit falling) 
load factors all reduce per capita energy consumption 
for passenger travel. However, our analysis finds that 
the low energy intensity may be misleading, since the 
sector is shifting from its low energy-intensity conlig- 
uration. There has been a small amount of fuel 
switching to diesel for new private cars in response to 
the improved design of diesel cars with respect to 
comfort. The most significant trend is that the Japanese 
are re-determining energy intensity with increased 
overall travel, including the use of more energy-inten- 
sive private cars, less use of bus and rail in total travel, 
and an increased share of domestic air travel. Because 
of few collected data, we do not count motorcycle or 
moped travel, which, in fact, is a significant source of 
transportation in Japan as in many other Asian coun- 
tries. 

Economic growth, travel, and energy use 

Figure 1 shows the relationships among per capita 
GDP, passenger transportation (pkm, and total MJ for 
passenger travel), as well as the overall energy intensity 
of passenger transport. A log scale is used to show rela- 
tive growth rates. Figure 2 compares intensities of 
several modes of passenger travel for some key years of 
the past decade and a half. 

The 1960s were a period of motorization in newly 
industrializing Japan; thus, the growth rates in both 
passenger travel and accompanying energy use 
surpassed the growth rate of GDP. Energy use of course 
increased faster than travel, since the changes included 
shifts to more energy-intensive modes, i.e. cars. As the 
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Figure 1 Japan GDP, passenger transportation activity 
and energy use 

economy slowed in the early 1970s growth in travel 
slowed in tandem, and then after the energy crisis, 
passenger travel growth slowed slightly relative to 
GDP. Thereafter the two continued almost in parallel. 
Energy intensity clearly improved following the two 
energy crises, but in recent years volume of travel has 
begun to accelerate relative to GDP, and energy use 
relative to travel. 

Modal contributions 

Total and modal shares of passenger travel and energy 
use and per capita energy consumption by fuel type 
and fuel share are shown in Table 1. In 1993, cars 
accounted for 49 per cent of total passenger-kilometers 
traveled; buses 10 per cent; rail 36 per cent; boats 1 per 
cent; and air 5 per cent. While per capita travel for bus, 

MJlpkm 

ml965 

HI973 

ml990 

tY1993 

Automobiles Buses Rail Air 

Figure 2 Representative Japanese passenger energy 
intensities 

rail, and marine transport has remained stagnant, 
passenger car and air travel have grown steadily over 
the past decade. Increased car ownership has boosted 
the share of cars in total travel, while an enormous 
expansion in domestic air travel, now spurred by 
competition. has raised the importance of air travel. 
Air modal energy intensity has improved (down to 2.3 
MJ/pkm in 1993 from 6.2 MJ/pkm in 1965) as travel 
has expanded and newer planes have been put into the 
fleet. 

The role of private cars is undergoing significant 
changes in Japan and strongly affecting energy use in 
passenger transport. Per capita car ownership in Japan 
is currently only half that of the USA. Nevertheless, 
the trend in car ownership follows on a tripling from 
100 cars per I 000 persons in 1965 (when the USA had 
350) of which 7 per cent were commercial cars, to 329 
per 1000 persons in 1993, of which now less than 1 per 
cent are commercial. Among privately owntd cars, there 
is an increasing share of diesel cars, a declining share of 
mini cars (cars with less than 660 cc displacement), and 
a growing share of large cars. (LPG cars are almost 
exclusively associated with commercial cars and/or 
taxis, whose per capita stock has not changed much in 
either number or fuel type - only about 5 per cent 
diesel since 1977.) 

Improvements in the performance of diesel cars, such 
as reducing their noisiness, have been a main factor in 
their increasing use (Sagawa, 1992). In addition, recrea- 
tional vehicles (RV), both gasoline and diesel, have 
become more popular, thus pushing up the use of diesel 
fuel overall (Nagata, personal communication). Fuel 
cost is probably not a strong factor behind fuel 
switching, because diesel fuel has always been cheaper 
than gasoline and diesel-powered cars are still generally 
more expensive, but trends in fuels costs are worth 
mentioning. Both gasoline and diesel prices have been 
falling steadily since 1982, but diesel prices have 
dropped 40 per cent to $0.30/liter in 1993, whereas gaso- 
line prices fell 30 per cent and, at $0.53/liter, are 1.7 
times higher than diesel.4 

In recent years, in addition to mini-cars, the Japanese 
have been buying a greater share of large, more energy- 
intensive cars. The average engine displacement for on- 
road cars has grown from 1444 cc in 1980 to 1525 cc in 
1990. Vehicle fuel intensity for new cars, which had been 
decreasing between 1974 and 1982, has been increasing 
again, according to Japanese tests. To compare, in 
1990 German new-car fuel intensity was 7.9 liters of 
gasoline equivalent per 100 vkm (30 mpg), in the USA 
it was 9.4 liters/l00 vkm (25.4 mpg), and in Japan, 8.7 

‘We converted Japanese prices to real 1985 yen using the Japanese 
consumer price index, and converted those to US dollars at 1985 
purchasing powcr parity published by the OECD (200 yen = $1.00). 
This is a standard procedure for comparing prices (and incomes) 
between countries. 
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liters/l00 vkm (27.4 mpg). Interpreting tests is risky, 
even within a single country (Schipper et al., 1993a; 
Schipper and Tax, 1994), but in this case the nearly 35 
per cent decline in on-road fuel intensity in the USA 
and l&15% decline in the same measure in Germany 
contrasts with no real trend in Japan since 1982, 
suggesting that new-car tests correctly indicate that fuel 
intensity of new Japanese cars has not decreased much 
in the last dozen years. Some operational and economic 
policy incentives for the increase in large car ownership 
include technological standards for the safety of heavier 
cars and a lowering of the ownership tax in 1989 for 
cars with engine sizes from 2000 and greater (Nagata, 
1993). The largest change occurred for cars with engine 
sizes of 2000-2500 cc, and ownership of these cars has 
increased rapidly (Nagata, personal communication). 
The new tax policy was not a transportation policy, 
but was introduced by the Ministry of Finance when it 
replaced several commodity taxes with the consumer 
tax. The consumer tax on cars now is tentatively higher 
than on other consumer items (pending a final taxation 
policy on cars), but the current effect has been a reduc- 
tion in the tax on cars. 

Passenger car travel utilization 

In tandem with increases in car ownership, Japanese 
people are driving more because of lifestyle, social, and 
microeconomic changes. These include increased leisure 
driving, the available luxury of larger, air-conditioned 
cars and 4-wheel drive vehicles, and the growing 
numbers of female drivers. The average load factor for 
cars, while declining somewhat during the 1970s 
appears to have increased during the past few years 
because of the greater use of private cars for weekend 
leisure travel. But the overall result, despite inroads 
made by diesel, is an increase in the energy intensity of 
both average on-road and new vehicles.’ Contributing 
further to this trend is growing congestion, but the exact 
effect is difficult to measure directly (e.g. indirectly 
calculating fuel intensity through estimates of the 
average speed in congested metropolitan areas can 
introduce circular assumptions). 

Mini-cars 

Its convenient size (< 660 cc displacement) has helped 
revive the popularity of the mini-car for use as a second 
family car (Sagawa, personal communication). The 
MOT first began counting vehicle-kilometers and 
passenger-kilometers of mini-cars and mini-trucks in 
1987, and the resulting step-up in all consumption 
figures can be misleading when reading the data. Since 
mini-car and mini-truck stock is known, we have here 
adjusted for minis in the earlier years, based on load 
factors. In our estimate, we take the average load factor 
for 1987-9 I and use this value times yearly vehicle stock 
to extrapolate travel figures back to 1965. While 

5 I MJ/pkm = 948 BTU/O.62 pmi = 1528.8 BTU/pmi. 

assuming load factors to be constant for all these years 
may be open to question, this method at least permits 
us to track the contribution of the mini-car to total 
mobility. We find that the share of private travel taking 
place in mini-cars has declined, but their recent popu- 
larity has not caused average fuel intensity of the fleet 
to decline. Moreover, what is more important, our 
adjustment shows that the inclusion of mini-car travel 
has not caused the accelerated growth in overall travel 
in recent years. This trend is not merely an aberration 
caused by the MOT’s change in data sampling. 

Summar)< ,fbr cars 

The net effect of all these changes has been that the 
vehicle energy intensity of Japanese car travel in 1993 
(in MJ/vkm) was almost as high as in 1973, and the 
loaded intensity (in MJ/pkm) was only 6 per cent lower. 
Cars now account for more than half of total travel as 
well. 

Buses 

Bus travel (passenger-kilometers) has stagnated since 
1973, but energy intensity has increased. The impact on 
modal energy intensity of decreasing vehicle energy 
intensity (11 MJ/vkm in 1973, 10.5 MJ/vkm in 1993) 
was more than offset by decreasing load factors (20.4 
persons/vehicle in 1973, 14.8 persons/vehicle in 1993) 
resulting in an overall increase in energy intensity (0.54 
MJ/pkm in 1973, 0.71 MJ/pkm in 1993). While buses 
still provide more than 10 per cent of passenger travel 
in Japan, the lack of growth in bus travel as well as the 
growing energy intensity point to the decline in this 
collective mode, following trends in other industrialized 
countries. 

Passenger rail 

Passenger rail has maintained a steady growth of nearly 
2 per cent per year in activity (passenger-kilometers) 
since 1965, and in 1993 it provided 31 per cent of all 
passenger activity. However, rail has declined in its 
share of passenger travel from 66 per cent in 1965. Rail 
is still the prime form of commuter transport, but 
growth in air travel and in private car use for leisure 
has outstripped it. The energy intensity of rail travel 
has increased slightly, in terms of primary energy per 
person-kilometer (this measure includes the losses 
incurred in generation and transmission of electricity). 
Although the aggregate load factor for passenger rail 
has declined over the last two decades, it has been 
increasing as a whole since 1980. 

Domestic air travel 

Domestic air travel is the other passenger mode with 
growing rather than declining significance. While its 
share of passenger transport energy consumption has 
barely changed in the past two and a half decades, air 
travel’s contribution to passenger transport has grown 
from a share of less than I per cent in 1965 to nearly 5 
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per cent in 1993. The bulk of air travel for this island 
country is, of course, in international flights, but these 
are not included here. The energy intensity of air travel 
in Japan has declined as air travel has expanded, 
resulting from both an infusion of newer, less energy- 
intensive aircraft and an increase in load factors. 
Increased load factors were also due to limits on take- 
off and landing times, which forced the use of larger 
aircraft (for both passenger and freight). This increase 
drove down energy intensities for domestic air travel 
from 6.2 MJ/pkm in 1965 to 2.3 MJ/pkm in 1993. What 
is remarkable is that this low level is close to that of 
automobiles. 

Summafy qf truvel 

Trends in energy use for travel in Japan point away 
from its past as a country of low travel intensity and 
low energy intensity. Car ownership and travel have 
increased with income. The modal mix has shifted 
markedly to automobiles and air travel. The energy 
intensities of rail and bus travel increased, that for auto- 
mobiles barely fell, and only that for air travel declined. 
Unless government policies are introduced to encourage 
energy efficiency, either technically or in systems 
management, these trends toward greater energy use 
may continue. 

Freight transport 

Because of a heavy reliance on trucks, Japan’s freight 
sector as a whole is energy-intensive, measured as aggre- 
gate energy use per tonne-kilometer. (See Figure 3 for a 
graphic representation of the growth of freight inten- 
sity.) In freight transport, as in passenger, growth in 
road and air transport dominate current trends. 

Economic growlth, ,freight transport, and energ! 

Figure 4 shows how per capita energy use for freight has 
fluctuated as it increased with GDP and freight trans- 
port (tkm). A log scale shows more clearly the relative 

MJltonne-km 
7 

6 

0 
Trucks Rail Ship 

Figure 3 Representative Japanese freight intensities 
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Figure 4 Japan GDP, freight activity, and freight 
energy use 

changes. Motorization and industrialization in the 
1960s resulted in steep growth in GDP, freight trans- 
port, and energy use, with freight energy use growing 
faster than GDP. In the 197Os, the energy crisis years 
were associated with clear declines in freight traffic 
(but not in GDP). The second oil crisis was followed 
by a flat period in activity, as freight shifted from rail 
to trucking; energy consumption remained constant 
while shifts from non-commercial to more efficient 
(economically, operationally) commercial trucking were 
taking place and as goods became generally smaller 
and lighter (IEE, 1992; Sagawa, 1992). Overall however, 
the trend in energy consumption and intensity has been 
an upward one. 

Modal contributions 

Per capita modal freight activity, energy use, and fuel 
shares for 1965-93 are shown in Table 2. In 1991 trucks 
accounted for 52 per cent of total tonne-kilometers; rail 
5 per cent; ships 44 per cent; and air less than 1 per cent. 

Trucks 

Trucks are the dominant mode in terms of both trans- 
port share and energy use. The heavy skewing of the 
freight sector’s modal structure toward its most energy- 
intensive mode is marked, for trucks now move 51 per 
cent of total tonne-kilometers per year, while consuming 
92 per cent of the energy for freight transport. In recent 
years a greater use of local mini-trucks for frequent 
deliveries and the increasing congestion in cities have 
increased the energy intensity (Figure 5) because they 
carry such small loads. On the other hand, those 
companies that require frequent deliveries generally 
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Figure 5 Japanese private and commercial truck stock 
by fuel type 

operate their trucks extremely efficiently (Sagawa, 
persona1 communication). The growing use of mini- 
trucks, which use gasoline, makes it difficult to analyze 
fuel use in the sector, since diesel does not wholly domi- 
nate. Nevertheless, the share of gasoline in freight 
energy continues to decline, because the growth in 
transport volume, if not number of vehicles, is still led 
by large commercial trucks. Another related concern 
about the heavy reliance on trucks is the difficulty in 
finding enough truck drivers (Hidaka 1993), but since 
the recession began (-1991), this scarcity has been 
negated. An additional statistical issue is that mini- 
trucks do not clearly belong in either the freight or 
personal travel categories of transportation, a difficulty 
similar to that of categorizing personal light trucks in 
the USA. 

Rail 

Freight rail activity, by contrast with trucking, has lost 
shares of total freight tonne-kilometers, from 3 1 per cent 
in 1965 to only 5 per cent in 1993. Indeed, actual activity 
has declined by 50 per cent over that period. Among the 
reasons for this decline are the change in the nature of 
freight itself to lighter commercial products and the 
greater flexibility offered by trucks for just-in-time 
delivery. Some barriers to increasing the capacity of 
freight rail are (1) freight rail must share the same rail 
system as passenger rail - the latter has both more poli- 
tical and more financial power, and (2) land area in 
Japan is scarce. Currently, the freight rail sector is 
seeking to increase its capacity not through infrastruc- 
ture changes but through technological improvements, 
such as replacing its 1966 locomotives with more 
powerful ones (Sagawa, persona1 communication). 

decade to 44 per cent. Total freight ship activity has main- 
tained a slow and decelerating growth rate of 1 per cent 
per year since 1974. This mode has very low energy inten- 
sity, dropping from twice that of rail in 1965 to approxi- 
mately an equal number in 1991. Factors contributing to 
decreases in intensity over the decades include a greater 
use of heavy oils with higher average heating value and 
improved ship designs, such as hull shapes and the use of 
paint that reduces resistance. Also, ship energy intensity 
is proportional to the speed of transport. Energy intensity 
may be increasing because of increases in the average 
speed of ships (both Toyota and the MOT are introdu- 
cing high-speed ships) and greater use of container ships 
rather than bulk carriers. 

Air 

The gains made by freight air are still very slight, but 
they indicate the value of the rapid movement of light- 
weight, high value-added goods, such as electronics. 
Also, as noted for passenger air, larger aircraft for 
freight also increased load capacities. 

Summary of’ the freight sector 

The heavy use of trucks drives up modal energy inten- 
sity in the freight sector. Mini-trucks are an additional 
contributing factor. The steady growth of the use of 
trucks (now used for more than half of all freight trans- 
port) has in part hastened the decline of rail freight 
transport. The use of marine transport has declined 
steadily but slowly since the mid-1960s. It appears that 
the characteristics and economic advantages of each 
mode, and not energy per se, have been the main drivers 
of modal share, with the flexibility of trucks clearly 
winning the market share of a pallet of continually 
lighter and more valuable goods. 

CO2 emissions from transportation in Japan 

Fuel switching and modal shifts have strong implica- 
tions not only for energy intensity but also for emissions 
of carbon dioxide. Energy intensity versus CO1 intensity 
can obviously vary both when comparing fuels and 
when comparing different modes. For instance, while 
diesel fuel has a better per liter combustion efficiency 
than gasoline, it also produces more CO1 per energy 
produced. While electric rail is often perceived as an 
energy-conserving means of mass transport, the actual 
energy intensity and relative CO* emissions depend on 
the fuel at the generating plant. Our calculations are 
based on the conversion factors shown in Table 3. These 

Table 3 Conversion factors for CO* emissions 

Marine 

Marine transport, the other significant freight mode, has 
held a steady share, growing slightly from 43 per cent in 
1965 to 52 per cent in 1977, and declining during the past 

Transport fuels (Mt-C02/PJ) Power-generation fuels (Mt-C02/PJ) 

Gasoline 0.069 oil 0.076 
Diesel 0.074 natural gas 0.053 
Jet fuel 0.072 coal 0.092 
Heavy oil 0.077 nuclear 0.000 
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Figure 6 Japanese passenger transport CO? emissions 
per capita by mode 

rough figures are based on average fuel qualities, and in 
the case of power generation, average power plant char- 
acteristics. 

Figure 6 shows the modal contributions and shares of 
CO1 emissions from passenger transport. The total 199 I 
emissions from passenger transport were 33.4 Mt- 
carbon, or 0.27 tonnes-carbon per capita. Shares in per 
capita CO1 emissions were from cars 80 per cent; buses 
4 per cent; rail 5 per cent; boats 4 per cent: and air 7 

t-CO, per capita 
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Figure 7 Japanese freight transport CO? emissions per 
capita by mode 

per cent. Comparing energy shares, we find that buses, 
boats, and air account for the same share as with CO*, 
but cars consume 77 per cent and rail 9 per cent of 
energy for passenger transport. Here, CO* emissions 
from electricity generation are based on average power 
plant characteristics for the entire country. Japan 
railway uses some of its own electricity generated by 
hydropower not available to other electricity consu- 
mers.6 

We calculate carbon dioxide emissions from freight 
transport in the same way as for passenger travel. 
Figure 7 shows CO* emissions by freight mode. Total 
emissions for freight in 1993 were 32.3 Mt-C and 0.26 
tonnes-C per capita. Modal shares of emissions for 
trucks were 91 per cent; rail 1 per cent; ships 7.1 per 
cent; and air 1 .I per cent. These figures differ little 
from energy-consumption shares. Rail freight trans- 
port does not necessarily make use of dedicated hydro- 
electricity like passenger rail does, and it contributes a 
greater share of carbon dioxide emissions than its 
energy share, with electric rail both more energy-inten- 
sive and CO?-intensive than diesel; however, trucks 
remain more than live times as C02-intensive per 
tonne-kilometer. Ships are both the least energy- and 
CO?-intensive. 

In general, trends in CO, emissions run parallel to 
energy trends. Because fuel switching has had a small 
impact, CO2 emissions for travel have kept pace with 
energy use for travel and likewise for freight. The slight 
departures, however, indicate how important the fuel 
mix can be in affecting CO2 emissions from transporta- 
tion and in assessing strategic options for combatting 
global warming. In policy-making with regard to both 
energy consumption and carbon dioxide emissions, the 
tradeoffs need to be weighed between promoting fuel 
switching or modal shifts. 

SummurJ, of’ chznges in energ~l use and CO2 emissions 

We can now apply the indices introduced in the first 
part of the paper to estimate the importance of various 
components of transportation energy use over time. 
Figure 8 shows what the overall energy consumption 
would have been in 1991 for Japan’s entire transporta- 
tion sector, had only one of the three factors named 
above - activity, structure, intensity ~ varied since 
1973. Total energy consumption for transportation 
increased, from 18 GJ/capita in 1973 to 28 GJ/capita 
in 1993, largely because energy use in all modes except 
rail freight showed significant increases. The ‘intensity’ 

“Japan Rail’s fuel mix for electricity is not exactly the same as the 
average for the country. since it makes use of dedicated 
hydroelectricity. We found. however, the difference to be small for 
estimating CO2 emissions, given electric rail’s very low share in 
overall transportation energy consumption, and given the declining 
share of hydroelectrtcity in Japan Rail’s total energy consumption. 
This dedicated hydroelectricity accounts for only 7 per cent of total 
rail electricity use. while for the electricity sector as a whole. hydro 
accounts for 4 per cent of energy production. We took account of 
this hydro In calculating emissions from travel. 
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Figure 8 Effects of intensity, structure, and activity on 
per capita transport energy in Japan 

effect shows that, without changes in modal structure 
or activity volume, changes in the energy intensities 
of 1993 would have served to decrease energy 
consumption by 5% (thus the ‘intensity’ bar is shorter 
than the 1973 bar). Virtually all of this decline 
occurred in the freight sector. Structural change 
boosted energy use in both travel and freight by 26 
per cent and 33 per cent, respectively for an average 
of 30 per cent, while the increase in activity boosted 
energy for travel. On balance, per capita energy 

consumption for travel rose sharply, while that for 
freight declined. 

Figures 9 and 10 provide time series of activity- 
intensity-structure factorial trends for passenger and 
freight transport, respectively, with GDP growth 
shown for comparison, Again, a dropping intensity 
curve but rising structure and activity curves explain 
the net overall increase in actual energy consumption. 
We see that the increase in total energy consumption 
by transportation from 1934 PJ in 1973 to 3 546 PJ 
in 1993 was brought about both by increasing travel 
volume and changes in modal structure. Reductions 
in energy intensity are small, not nearly enough to 
counteract these effects. Passenger travel had a 
greater impact than freight transport on the overall 
increases in energy use. From 1965 to 1993, passenger 
activity grew 3.2 times and aggregate intensity 2.1 
times, while freight activity and intensity grew less, 
increasing 2.8 times and 1.5 times respectively. 

1973=100 

0~ 
1965 1968 1971 1974 1977 1960 1983 1986 1989 1992 

Figure 9 Japanese passenger transport energy 
consumption 

Familiar momentary dips in the actual energy- 
consumption curve can be seen following the two 
energy crises in 1973 and 1978, and the factorial 
curves show when and in what ways the country 
responded. It is clear now that in recent years, 
passenger activity is accelerating relative to GDP, 
and freight activity is running parallel to it. 

The analysis of components of change in CO2 emis- 
sions are almost identical to those for energy. Higher 
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Table 4 Energy use for transportation in Europe, the USA. and Japan 

EU-8 EU-8 % Change USA USA % Change JAPAN JAPAN 
1973 1992 91173 - 1973 1993 91173 1973 1993 

Pusscwgcv ‘WW~,L uw 
Energy/Capita: Total 
Car 
Bus 
Rail* 
Air 

Travel/Capita: Total 
Car 
BUS 
Rail 
Air 

Energy Intensity, all MO 
Car 
Bus 
Rail* 
Air 

Fwi~h t cwcvg., use 
Energy/Capita: Total 
Truck 
Rail* 
Inland Ship 
Air 

Domestic Freight/Capita Total 
Truck 
Rail 
Inland Ship 
Air 

Energy Intensity, all MO 
Truck 
Rail* 
Inland Ship 
Air 

GJ 
GJ 
GJ 
GJ 
GJ 

Pass-km 
Pass-km 
Pass-km 
Pass-km 
Pass-km 

MJ!pass-km 
MJ/pass;,m 
MJ/pass-km 
MJ/pass-km 
MJ!pass-km 

GJ 
GJ 
GJ 
GJ 
GJ 

1000 tonne- I 
1001 tonne-l 
1002 tonne- I 
I003 tonne-km,’ capita 

GJ/tonne-km 
GJ/tonne-km 
GJ/tonne-km 
GJitonne-km 

I I .87 19.01 I60 
10.73 17.36 I62 
0.50 0.76 153 
0.45 0.47 IO6 
0.20 0.42 212 

8038 118X6 I48 
6384 9858 I54 

X42 1006 120 
765 XX7 II6 

47 134 2X5 

I .4X 1.60 I08 
I .6X 1.76 I05 
0.59 0.76 128 
0.58 0.53 91 
4.20 3.13 74 

6.52 9.21 I41 
5.42 8.41 I55 
0.46 0.26 56 
0.64 0.54 X4 

3.38 4.16 123 
1.80 2.65 147 
I .oo 0.79 79 
0.59 0.72 123 

I .93 2.21 II5 
3.02 3.18 I05 
0.46 0.33 70 
I.09 0.75 69 

60 57 94 
54.41 49.96 92 

0.54 0.74 137 
0.29 0.33 II5 
5.02 5.70 II4 

I9590 22077 II3 
17722 18843 106 

690 x44 122 
160 I57 98 

1019 2233 219 

3.08 2.57 x4 
3.07 2.65 X6 
0.79 0.88 112 
I.Xl 2.12 II7 
4.92 2.55 52 

19.10 23.50 123 
14.46 20.14 139 
2.81 1.76 63 
I .68 I.41 84 
0.16 0.18 I I6 

14.43 17.08 II8 
4.50 6.34 141 
5.87 6.10 104 
4.03 4.58 II4 
0.03 0.05 203 

I .32 1.38 104 
3.21 3.18 99 
0.48 0.29 60 
0.42 0.31 74 
5.72 3.29 57 

8.61 14.76 171 
6.56 12.20 186 
0.56 0.59 105 
0.50 0.60 I I9 
0.51 I .05 204 

6405 x949 140 
2977 5871 197 
I028 X58 83 
2880 3235 II2 

I48 456 309 

I.41 I.71 122 
2.20 2.08 94 
0.54 0.6X I26 
0. I7 0.18 106 
3.49 2.30 66 

9.26 13.19 142 
6.83 Il.94 I75 
0.29 0.10 36 
2.09 I.01 4x 
0.05 0.14 265 

3.74 4.52 121 
I .30 2.29 176 
0.53 0.22 41 
1.90 2.00 I05 
0.00 0.0 I 476 

2.47 2.92 II8 
5.24 5.22 99 
0.54 0.48 X8 
I.10 0.50 46 

% Change 
91173 

*Electricity is counted at 3.6 MJ = I kwh 
The EU-8 include the former West Germany. Great Britain, France. Italy, Finland, Norway, Sweden, and Denmark 
The three factors are decomposed holding the 1973 values for the others constant (see fuller explanation in the text). 
Source: Lawrence Berkeley Laboratory. 

levels of activity and modal shifts both increased the 
CO2 intensity of travel and freight and boosted total 
emissions. The energy intensities of travel increased, 
and with the CO2 emissions, while changes in those for 
freight led to a 10 per cent decline in CO1 emissions. 

Britlf‘ international cornprison 

Some international comparisons will help provide 
perspective on Japan’s transportation energy use, in 
terms of the three descriptive factors - volume, struc- 
ture, and intensity. Table 4 shows transportation energy 
use in the USA, Japan, and eight countries in Europe 
(EU-8) in 1973 and 1992 or 1993.7 Of these countries, 
in passenger transport, Japan had the lowest per capita 
energy use in 1993, resulting from a low per capita 
volume of travel and a modal structure characterized 
by a high share of rail and bus (the modes with lowest 
energy intensities). Note, however, that passenger air in 

’ Figures for the USA and Europe are based on Schipper et ul. ( I992a). 
Schipper ct ul. (1993) and revisions thereafter. The eight countries in 
Europe are the former West Germany. Italy, Great Britain. France, 
Sweden, Denmark, Norway. and Finland. 

Japan is likely to be a far more significant mode than 
the domestic air travel figures shown in Table 4, since 
foreign air travel by the Japanese is probably a much 
higher fraction of the country’s total air travel, 
compared to the USA and Europe; however, statistics 
on foreign air travel by Japanese are not available. 
Comparing the countries in terms of modal energy 
intensities, for both bus and rail travel, Japan had its 
lowest energy intensities in 1993. However, the modal 
intensity of passenger car travel was virtually equal to 
that in the USA, and the vehicle intensity of Japanese 
cars was second only to that in the USA.” 

In freight transport, Japan’s per capita volume of 
freight in 1991 was lower than that of the USA and 
higher than the EU-8’s,while its overall energy intensity 
was considerably higher than that of both Europe and 
the USA. Japan’s comparatively high freight energy 
intensity was due to the significant role of trucking, 

’ 1993 vehicle intensities were: EU-8. 9.2 liters/vehicle-kllometer (25.3 
miles per gallon): USA, Il.8ljvkm (20.1 mpg); Japan, 10.5 l/vkm 
(20.1 mpg). Source,: Lawrence Berkeley Laboratory. as reported in 
Davis. S. (1996) Trrmportution Energy Datu Book. edition I6 
forthcoming. Oak Ridge: Oak Ridge National Lab. 

32 



Energy trends in the Jupanrse transportation sector: N Kiang and L Schippet 

which had a modal share much higher than trucking in 
the USA while slightly lower than in Europe, and which 
had a modal energy intensity higher than that of both 
the USA and Europe. In addition, the intensity of Japa- 
nese freight rail was the highest of the countries, while 
that of domestic shipping was intermediate between the 
USA and Europe. Consequently, per capita freight 
energy use in Japan was intermediate between the USA 
and the EU-8. 

Decomposing the changes in these figures over time 
shows several parallel trends among the countries, with 
Japan often exhibiting the greatest exaggeration of 
higher energy-consuming trends. For travel, aggregate 
energy use grew most sharply in Japan because of both 
increased volume and a significant shift from bus and 
rail towards cars. The modal shift in Japan towards 
cars was greater by far than that in any other country. 
This growth is understandable, though, given the fact 
that Japan closed the gap in car ownership from 
around l/3-1/2 as many cars per capita in Europe to 
about 2/34/_5 as many. Energy intensities (at the 1973 
modal mix) fell by 18 per cent in the USA but fell only 
slightly or increased in the European countries and 
Japan, respectively (Schipper, 1995). In all countries, 
higher intensities for bus and rail probably resulted 
from lower load factors (except for rail in Europe). 
Domestic air travel grew dramatically, doubling in the 
USA and nearly tripling in the EU-8 and Japan. Mean- 
while, decreasing air energy intensities in all three 
regions allowed for accompanying slower growth in 
passenger air energy consumption relative to travel 
volume. The decrease in air energy intensities was due 
to technological improvements and increased load 
factors; these parallel improvements among the coun- 
tries reflect the international nature of airplane tech- 
nology, as, for instance, much of the equipment that 
the Japanese use is American made. Overall, 1973-91 
trends in modal energy intensities, travel volumes, and 
structural shifts all served to increase Japan’s per capita 
energy consumption for passenger transport, and these 
upward trends were each greater than those in either 
the USA or the EU-8. 

For freight, roughly half of the countries became 
more energy-intensive and all became more energy- 
consuming over time, because of shifts to trucks or the 
capture of new freight markets by trucks. As with cars, 
the shift to trucks in Japan was more marked than in 
the other regions. The intensities of rail and ship fell in 
all countries. Tracking growth in the volume of freight, 
overall energy use in Japan grew as much as in Europe 
and faster than in the USA. 

It may be erroneous to compare countries with 
different initial starting conditions this way, and the size 
and density of a transportation region also affect trans- 
port energy consumption. But it seems that, at least in 
passenger transport, patterns of travel and resulting 
energy use are converging somewhat. And in freight 
transport, the trends from 1973 to 1992 in Japan were 

comparable to those seen elsewhere. However, Japan 
still consumes considerably less energy than Europe 
and far less than the USA. We see that the principal 
difference arises because the volume of activity is lowest 
in Japan, the modal mix for travel which is most 
weighted towards rail and bus. 

Is Japan’s system, then, in its ecological interactions, 
an ‘energy efficient’ transportation system from which 
other industrialized countries may learn (including land 
use and population patterns that are part of the 
system)? Or, in evolutionary terms, is the low per capita 
energy consumption relative to the other regions a result 
of late industrialization that only now has permitted a 
burgeoning growth in the car population? Answers to 
these questions require a rethinking of the meaning of 
‘efficiency’ in transportation as well as speculation 
about the path of modernization. From our compari- 
sons with other countries, it appears that the answers 
to both of the above may be ‘yes’, that some aspects of 
Japan’s transportation system enable the country to 
keep down its energy consumption through low 
volumes of activity, but that high modal intensities and 
trends still are warnings of the need to stem rising 
energy use. 

Opportunities for more efficient energy use in 
transportation 

Factors explaining and driving Japan’s energy situation 
and trends show the greater complexity of interactions 
involved and these must be considered in broad context 
when considering opportunities for more efficient 
energy use. Following the energy crises, energy cost 
had a strong impact on immediately reducing the 
volume of activity. Commercial motivations explain the 
‘low’ transport energy intensities of rail and air resulting 
from improved technological efficiency over the years as 
well as heavy utilization through increased capacities. 
On the other hand, energy cost has appeared to a less 
important factor in competitive advantage than opera- 
tional convenience and other market forces in much of 
the modal substitution we traced from 1965 to 1973 to 
1991; for the modes gaining share (trucks, car, air) were 
faster or more economic, even if they required more 
energy. Higher incomes, lifestyle preferences, and chan- 
ging roles in households, rather than energy worries, 
are permitting, motivating, and in some cases requiring 
that people own and use cars that are now affordable, 
faster, larger, and more comfortable (or smaller and 
easier to park), or easy to use for suburban shopping. 
Indeed, despite high gasoline and diesel prices compar- 
able to those in Europe, the Japanese continue to shift 
to more energy intensive modes. Thus, transportation 
demand is now driving energy use, rather than the other 
way around. Geographical characteristics, meanwhile, 
due to Japan’s limited land area, dense urban patterns, 
and crowded downtowns, assist the high utilization of 
bus and rail in Japan compared to the USA. 
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At a national, aggregate level it is simple to suggest 
that an energy-efficiency policy with respect to trans- 
portation should seek to decrease the energy intensity 
of all transport modes and perhaps encourage a shift of 
activity away from the most intensive modes. Even in 
following these general approaches to energy conserva- 
tion, there are subtleties involved. The three factors of 
volume, structure, and intensity cannot, of course, be 
targeted separately from the others, since they are inter- 
dependent (Hidaka, 1993; Sagawa, 1992). Affecting 
these descriptive factors are many driving forces: 
economics, lifestyle, technology, government programs, 
geographical constraints, traffic conditions, and links 
between modes. All these descriptive and driving factors 
feed back on each other, with different driving strengths 
depending on a situation. 

For example, a modal shift from road to rail transport 
may result in increased distances traveled, depending on 
rail access points. Energy intensity can depend on the 
specific qualities of a route. Intermodal dependence also 
cannot be neglected, especially with freight, rail, and ship 
connections with trucking delivery. Further complexities 
must be taken into account, such as indirect energy use in 
construction and maintenance of facilities like rail 
stations, roads, vehicle production, and so on. Hidaka 
(1993) and Sagawa (1992) in their technological 
bottom-up studies, emphasize the importance of a long- 
term policy approach, consideration of social context, 
and case-by-case examinations in the implementation of 

modal shifts. 
The composition of the passenger and freight trans- 

port sectors in Japan demonstrates the importance of 
modal structure in any country’s overall transport 
energy intensity. Trends show increasing activity and 
intensity in car, bus, and passenger rail transport, and 
recent policy has been favoring a modal shift toward 
both more and larger cars. In freight transport, intensi- 
ties have been improving little, but modal shifts are once 
again towards the more energy-intensive modes. Given 
the driving forces described above, what role do the 
government’s energy policies currently play, or might 
they play, to actually keep down (or increase) Japan’s 
transport energy intensity? The country’s industrial 
policies have led to great improvements in the produc- 
tivity of industrial energy use for the sake of competi- 
tiveness, and there have been some efforts to improve 
the efficiency of residential energy, but thus far there is 
no energy policy with respect to transportation. 

Thus far there has been little effort by Japanese 
authorities to develop a transportationenergy policy. 
If Japan is to have such an energy policy with respect 
to transportation, policymakers must address the 
current institutional setup that is a barrier to more 
modal competition, as well as policies that may 
currently lead to increased energy intensities for trans- 
port. These problems are certainly not unique to Japan, 
as can be seen by recent US efforts to better coordinate 
transportation planning and environmental goals 
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through the Intermodal Surface Transportation Effi- 
ciency Act of 1991 and the Clean Air Act Amendments 

of 1990; these pieces of legislation call for greater coop- 
eration among regional planning agencies. In Japan’s 
case, the jurisdictions of various agencies introduce the 

following biases and contradictions into transportation 
planning: the Ministry of Transportation is responsible 
for rail and navigation, and thus favors these modes; 
the Ministry of Construction is responsible for roads, 
such that its goals are increased construction (thus 
favoring cars and trucks); and local governments 
promote buses. Meanwhile, the Ministry of Interna- 
tional Trade and Industry concentrates mostly on the 
supply-side of industry, leaving the question of roads 
and building energy consumption to the Ministry of 
Construction, whose traditional role has been to build 
more (Sagawa, personal communication). This jurisdic- 
tional division and need for coordination among 
government agencies that affect transportation must be 
addressed if the country is to have an energy policy that 
takes into account energy conservation and global- 
warming issues. 

Conclusions 

Our analysis shows that increased travel and modal 
shifts to automobiles drove up energy use for travel in 
Japan from 1965 to 1993, while the energy intensity of 
travel increased. The same factors had a smaller influ- 
ence on energy use for freight, while energy intensities 
for freight fell, somewhat restraining energy use in this 
sector of transportation. As a result freight, which 
accounted for the majority of energy use in transporta- 
tion before 1973, ceded its dominance to travel by the 
mid 1970s and thereafter. Lifestyle changes, afforded 
by higher incomes, helped drive the shift towards auto- 
mobiles (and air travel), while competitive forces have 
significantly reshaped the mix of freight modes in favor 
of trucking. Government programs so far have served 
primarily to follow these trends. These forces pushed 
growth in energy use for transportation in spite of two 
oil crises. 

l Passenger travel is experiencing a modal shift 
towards more passenger cars and thus greater 
energy intensity. Passenger cars themselves are 
becoming more energy-intensive, although a rise 
in load factors has probably offset this trend in the 
most recent years. 

l The dominance of trucks has brought about the 
high energy intensity of freight, and this modal 
structure is unlikely to shift to the less energy- 
intensive mode of rail because of the limited land 
area in Japan and the greater power of the 
passenger rail sector over the use of the rail lines. 

l Air travel and air freight are steadily increasing 
their shares in passenger and freight transport 
respectively. 
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l Lifestyle and commercial product changes are 
bringing increases in the shares of mini-cars and 
mini-trucks in transport activity, as well as contri- 
buting to overall increases in activity that more 
than offset any energy savings arising from use of 
these smaller vehicles. 

l International comparisons show that most of the 
modes of travel and freight in Japan are as energy 
intensive as or more energy intensive than their 
counterparts in the USA or Europe. It is the low 
level of total travel and the higher share of bus 
and rail travel that keeps down energy use for 
travel in Japan so much relative to these other 
regions. Per capita energy use for domestic freight 
in Japan is roughly equal to that in Europe. 

l There is not yet any official government policy or 
coordination among government agencies to try to 
conserve the energy consumed by transportation. 
Some recent policy actions have actually indirectly 
stimulated the purchase and use of larger cars. 
Improvements in technical efficiency have for the 
most part been commercially motivated or offset 
by other changes. For example, the improvements 
in the technology of automobile propulsion have 
been offset by increases in car power and size and 
a decay in traffic conditions. 

From our findings here, it appears that Japan’s current 
low energy use for transportation is actually not due to 
a Japanese acumen for efficiency or to a conscious, 
progressive effort by government and the commercial 
sector, as is commonly assumed. Rather, it may be the 
result of other circumstances whose energy-conserving 
influences are now eroding. Further study is needed to 
understand better how Japanese transportation is 
affected by high population density, urban form, the 
structure of commercial enterprises, and the role 
various government incentives played in shaping 
Japan’s transportation sector, which is converging 
slowly with the structure of systems in other industria- 
lized countries. 

Currently, in both passenger and freight transport, 
both increased transport activity and structural trends 
are increasing the energy intensity of transportation in 
Japan. Plans for the future may exacerbate these trends. 
The Trans-Tokyo Bay Highway, due to open in 1996, 
will serve the convenience of cars and trucks, and over 
the next 20 years, the Metropolitan Expressway Public 
Corporation plans to add another 100 kilometers of 
roadway to the Tokyo area. Freight transport may 
possibly undergo a structural shift toward rail far in 

the future, if some ambitious (and at this point, far- 
fetched) proposals to build a subway network especially 
for freight are approved (O’Neill, 1993). Overall, like 
the rest of the industrialized world, transportation in 
Japan is moving away from its low energy use of the 
recent past toward greater activity, travel autonomy, 
and energy intensity. 
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